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DETAILED ACTION 
Claim Rejections - 35 USC § 102 

1. The following is a quotation of the appropriate paragraphs of 35 U.S.C 102 that form the 
basis for the rejections under this section made in this Office action: 

A person shall be entitled to a patent unless - 

(e) the invention was described in a patent granted on an application for patent by another filed in the 
United States before the invention thereof by the applicant for patent, or on an international 
application by another who has fulfilled the requirements of paragraphs (1), (2), and (4) of section 
371(c) of this title before the invention thereof by the applicant for patent. 

The changes made to 35 U.S.C. 102(e) by the American Inventors Protection Act of 1999 
(AIPA) and the Intellectual Property and High Technology Technical Amendments Act of 2002 
do not apply when the reference is a U.S. patent resulting directly or indirectly from an 
international application filed before November 29, 2000. Therefore, the prior art date of the 
reference is determined under 35 U.S.C. 102(e) prior to the amendment by the AIPA (pre- AIPA 
35 U.S.C. 102(e)). 

2. Claims 1-3, 7-10 are rejected under 35 U.S.C. 102(e) as being anticipated by Sia et al. 
[6650220]. 

Sia discloses in figures 1-2 of prior art, a spiral stack inductor 22 having two metal-layer 
conductive lines 24/26, 24'/ 26' running parallel to each other in respective dielectric layer 20, 
18; via-trench conductive line 22v between the two metal-layer conductive lines and eclectically 
connects the conductive lines [figure 1-2, column 4, lines 4-36]. 

In tiie prroTarfrthe spiral stacked inductor 22 is a two-t urn stac ked inductor. In FIG. 1 (PRIOR ART), are 
shown first and second turns 24 and 26. _ 

(6) A first connecting portion 30 having connecting vias 32 connects to the jpjrai stacked inductor 22 at 
one end and a second connecting portion 34 connects at the other endJ 

(7) The first turn 24 has an inner diameter 36, a width 38 which is common to each of the turns, and a 
spacing 40 between each of the turns. The first connecting portion 30 passes under the two turns and thus 
is a toxeferred to a_s_ an underpass 30 J 
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| (8) Referring now to FIG. 2 (PRIOR ART), therein is shown a cross-sectional view of the prior art on-chip 
inductor 10 along line 2-2 of FIG. 1 (PRIOR ART). The substrate 12 has the field dielectric layer 14 u pon 
which a conductive material is deposited and patterned to form the underpass 30{ 

(9) The connecting ILD layer 16 is then deposited over the underpass 30. One or more first via openings 
are formed in the connecting ILD layer 16 connected to the underpass 30. 

(10) A conductive material layer is deposited on the connecting ILD layer 16 and processed to form a first; 
level of the spiral stacked inductor 22. When processed, first and second turns 24' and 26' of a first level 
50' will be formed. The first via openings are also filled with conductive material to form connecting vias 32 J 

(11) The first level ILD layer 18 is then deposited over the first level 50'. One or more second via' 

openings are for m ed in the first leve l ILD layer 18 connected to the first an d second turns 24' a nd 26' a long 
their lengths. 1 ^ 

(12) A conductive material is deposited on the first level ILD layer 18 and processed to form the fir st and 
second turns 24 and 26 of a second level 50'. The first and second turns 24 and 26 are respectively 
connected to the first and second turn vias 24v and 26v along their lengths by the conductive material filling 
the respective vias openings to form first and second turn vias 24v and 26v. 

(13) The second level ILD layer 20 is then deposited over the second level 50'] 

(14) As will be understood by those skilled in the art, as a spiral stacked inductor has more turns, it wiH 
still have the same number of turns in each level and the tu rns will all be connected along their length by 
pluralities ofyiasi 

With respect to claim 2, Sia discloses the copper as conductive material [figure 3]. 

In the described embodiment, the parallel spiral stacked inductor 122 is? a paraiiel two-turn inductor. In 
FIG 3, are shown first and second turns 124 and 126. Individually, the turns c an be flat as shown or 
circular, and can be made from any condu c tive material i ncluding copper! 

With respect to claim 3, Sia discloses the spiral inductor has two ends connected to vias 
32 and 133 [figure 3]. 

A first connecting portion 130 having connecting vias 132 connects to the parallel spiral stacked inductor 
122 at one end and a second connecting portion 134 having connecting vias 133 connects at th e other end. 1 



With respect to claim 7, Sia discloses the via turns to correspond with inductor turn. It 
inherently means the conductor line and via line have the same length. 

With respect to claims 8-9, "damascene and dual-damascene semiconductor fabrication 
process" has been considered but not given any patentable weight because it's a product by 
process claim. During the examination, the patentability of a product-by-process claim is 
determined by the novelty and nonobviousness of the claimed product itself without 
consideration of the process for making it which is recited in the claim. In re Thorpe, 227 USPQ 
964 (Fed cir. 1985). 
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With respect to claim 10, the stack inductor having top dielectric layer 50' and top 
conductive line 24/26 is formed in the top dielectric layer [see figure 2]. 

Claim Rejections - 35 USC § 103 

3. The following is a quotation of 35 U.S.C. 103(a) which forms the basis for all obviousness 
rejections set forth in this Office action: 

(a) A patent may not be obtained though the invention is not identically disclosed or described as set 
forth in section 102 of this title, if the differences between the subject matter sought to be patented and 
the prior art are such that the subject matter as a whole would have been obvious at the time the 
invention was made to a person having ordinary skill in the art to which said subject matter pertains. 
Patentability shall not be negatived by the manner in which the invention was made. 

4. Claims 4-5, 11 are rejected under 35 U.S.C. 103(a) as being unpatentable over Sia in view 
of Ewen [5446311]. 

Sia discloses the claimed invention as cited above except for three vertically aligned 
metal-layer conductive lines that run parallel to each other in the dielectric stack. Ewen 
discloses three vertically aligned conductive lines Ml, M2, M3 run parallel to each other and at 
least two sets of via conductive lines 5, 9 electrically connecting three conductive lines [figure 3]. 
At the time of the invention, it would have been obvious to a person of ordinary skill in the art 
to have additional levels of conductive layer as taught by Ewen to Sia. The motivation would 
have been to provide different configuration of the inductor as required by its function. 
Therefore, it would have been obvious to combine Ewen with Sia. 

With respect to claim 11; the concave upper surface and convex lower surface are caused 
by dishing effect during the fabrication process as disclosed by applicant in the specs, page 4, 
lines 20-30. 
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5. Claims 6 are rejected under 35 U.S.C 103(a) as being unpatentable over Sia in view of 
Tisharo etal. [5515022]. 

Sia discloses the claimed invention as cited above except for the via-trench having 
bottom width less than upper width. Tisharo discloses via 35 having cross shape shows the 
width of the upper is larger than that of the lower [figure 2; col 6, lines 30-39]. At the time of the 
invention, it would have been obvious to a person of ordinary skill in the art to have tapering 
shape of the via as taught by Tisharo to Sia. The motivation would have been to improve large 
scale production and product yield and to reduce performance variation and change with time. 
Therefore, it would have been obvious to combine Tisharo with Sia. 

In the illustrated embodiment, the through-hole 4 has a diameter r.sub.O on the first conductor pattern 31 
bearing side which is larger than a diameter r.sub.l on the rear side. Such tapering allows the through-hole 
|4 to be effectively filled with conductive paste simply by printing the paste while effecting suction from the 
rear side of the first magnetic material sheet 21. This leads to improved large-^Je prod^ 
'product yield, red uced performance variation, and reduced change with timeJ 

6. Claims 13-14, 16 are rejected under 35 U.S.C. 103(a) as being unpatentable over Sia in 
view of Chi [6362012]. 

Sia discloses the claimed invention as cited above except for n-type/p-type wells at the 
surface of substrate that forms a plurality of reversed bias diodes that block eddy currents. Chi 
discloses the alternating regions of implanted n-well and p-well impurities in the substrate 
underneath the inductor or by reversing p-n junctions underneath the inductor to mirrimizing 
eddy currents [col 3, Ins 11-16]. At the time of the invention, it would have been obvious to a 
person of ordinary skill in the art to use n-well, p-well at the surface of semiconductor substrate 
as taught by Chi to Sia to reduce Eddy Current flowing in the substrate. Therefore, it would 
have been obvious to combine Chi with Sia. 
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With respect to claim 16, Sia in view of Chi does not disclose the size of the lateral spiral 
of less than 200 microns. It would have been obvious to select the dimension of the inductor as 
the matter of choice to satify the desired performance of the device. In Gardner v. TEC Systems, 
Inc. , 725 F.2d 1338, 220 USPQ 777 (Fed.Cir. 1984), 

7. Claim 15 is rejected under 35 U.S.C 103(a) as being unpatentable over Sia in view of Chi 
et al. as applied in claim 13 above and further in view of Chen. 

Sia in view of Chi disclose the claimed invention except for an region of trench isolation 
formed on the surface of the substrate. Chen discloses two metal-layer conductive lines 24, 28 
in respective dielectric layers 25, 33; conductor 27 in via trench 26 in the dielectric stack that 
electrically connects the two conductive lines and region of shallow trench isolation 22 that 
formed on the surface of the substrate under the conductive lines [figures 2A-D; col 3, lines 5- 
45]. At the time of the invention, it would have been obvious to a person of ordinary skill in the 
art to have region of isolation at the surface of semiconductor substrate as taught by Chen to Sia 
in view of Chi. The motivation would have been to increase spacing between the conductors 
and the substrate to reduce mutual inductance and skin effect [col 2, lines 65-68]. 

8. Claims 17-19, 22-25 are rejected under 35 U.S.C. 103(a ) as being unpatentable over Sia in 
view of Gillespie et al. [6798039]. 

Sia discloses in figures 1-2 of prior art, a spiral stack inductor 22 having two metal-layer 
conductive lines 24/26, 24'/ 26' running parallel to each other in respective dielectric layer 20, 
18; via-trench conductive line 22v between the two metal-layer conductive lines and eclectically 
connects the conductive lines [figure 1-2, column 4, lines 4-36]. 



Application/ Control Number: 10/620,859 
Art Unit: 2832 



Page 7 



Sia discloses the claimed invention as cited above except for n-type and p-type wells at 
the surface of semiconductor substrate beneath the spiral. Gillespie discloses in figures 4a-b, the 
n-type/p-type well regions positioned underneath the spiral inductor [col 7, lines 20-40] to 
reduce eddy current flowing in the substrate. At the time of the invention, it would have been 
obvious to a person of ordinary skill in the art to use n-well, p-well at the surface of , 
semiconductor substrate as taught by Gillespie to Sia to reduce eddy current flowing in the 
substrate. Therefore, it would have been obvious to combine Gillespie with Sia. 

In FIG. 4A, a plan view of alternating N-type and P-type well regions 40 is provided, these alternating well 
regions provide a high resistance path in a semiconductor substrate (e.g., bulk semiconductor substrate). 
This high resistance path operates to reduce eddy currents within a semiconductor substrate when used in 
conjunction with an inductor according to an embodiment of the present invention. An exemplary inductor 
may include a plurality of primary strand segments 42 that are concentrically arranged. These N-type and 
P-type well regions are preferably elongate regions that extend in a lengthwise direction. This lengthwise 
direction is at least substantially orthogonal (e.g., .gtoreq.45.degree.) to the plurality of primary strand 
segments. In FIG. 4B, which represents an enlarged plan view of a portion of the alternating regions 
illustrated by FIG. 4A, the P-type well regions are illustrated as being electrically coupled together at 
multiple locations. These P-type well regions may be formed within a deeper N-type well region. Eddy- 
current losses can also be reduced by defining an inductor usjngjupp^most levels of metallization that are 
relatively distant from the substrate; 



With respect to claims 22-25, the claims are method counterpart of product claims 17 - 

20. 



9. Claim 21 is rejected under 35 U.S.C. 103(a) as being unpatentable over Sia in view of 
Gellipie as applied to claim 17 above, and further in view of Ferraiolo et al. [5239289]. 

Sia in view of Gellipie disclose the claimed invention except for regular metal connect 
for conveying signals between devices on the IC. Ferraiolo discloses the metal connect 99 ends 
151, 191 in circuit to other components [figures 1]. At the time of the invention, it would have 
been obvious to a person of ordinary skill in the art to use a regular metal connect as taught by 
Ferraiolo to Sia in view of Gellippie to provide connection to other decives. Therefore, it would 
have been obvious to combine Gillespie with Sia. 
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FIG? l^f^ may be madeof ceramic or. of other suitable insulating material on^ 

Which a conductor 99 is provided by any known method forming a spiral element 106 and ladder shaped 
elements 107, 108 and 109. The conductor 99 is attached at its ends 151 and 191, in-circuit to other 

components, usually dispo 

conductor 99 may be manufactured upon ite own substrate and its ends attached to conductors upon 
another insulative support. 1 

10. Claims 20 are rejected under 35 U.S.C 103(a) as being unpatentable over Sia in view of 
Gillespie et al. as applied in claim 17 and further in view of Chi et al. [6362012]. 

Sia and Gillespie disclose the claimed invention claimed as cited above except for the 
material of via and conductive lines being copper. Chi uses copper as conductive material [col 
9, lines 54-55] and copper damascene interconnects 27 [col 3, line 31]. At the time of the 
invention, it would have been obvious to a person of ordinary skill in the art to copper as 
conductive material as taught by Chi to Sia in view of Gillespie. The motivation would have 
been to minimize the resistivity of the conductive material. Therefore, it would have been 
obvious to combine Chi with Sia in view of Gillespie. 

11. Claim 26 is rejected under 35 U.S.C. 103(a) as being unpatentable over Sia in view of 
Gillespie et al. applied in claim 22 above, and further in view of Li et al. [2002/0177322A1] 

Sia and Gillespie disclose the claimed invention except for "copper dual-damascene" 
fabrication process to form conductive lines. Li discloses the process of either single or dual- 
damascene process to fabricate multilevel structure containing vias and trenches [paragraph 12; 
figures 1 A-D]. At the time of the invention, it would have been obvious to a person of ordinary 
skill in the art to use dual-damascene process as taught by Li to Sia in view of Gillespie. The 
motivation would have been to facilitate manufacturing of the product having multilevel 
structures containing vias and trenches. Therefore, it would have been obvious to combine Li 
with Sia in view of Gillespie. 
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Mufti-level structures containing vias andlrenches can be formed by successive application of either 3 

single-damascene or a dual-damascene process, or a combination of both types of processes. For example; 
in any level having a trench, a via could also be formed (either before or after formation of the trench) 
resulting in a dual-damascene recess. This recess is then typically lined with a liner (which functions as a 
|d]ffys|on barrier for the co nductive m aterial ) and then filled with a conductive material.' 

12. Claims 27-28 are rejected under 35 U.S.C. 103(a) as being unpatentable over Sia in view 
ofPatelet al. [6429763]. 

Sia discloses in figures 1-2 of prior art, a spiral stack inductor 22 having two metal-layer 
conductive lines 24/26, 24'/26' running parallel to each other in respective dielectric layer 20, 
18; via-trench conductive line 22v between the two metal-layer conductive lines and eclectically 
connects the conductive lines [figure 1-2, column 4, lines 4-36]. 

Sia discloses the claimed invention as cited above except for number spiral conductive 
lines is at least 3. Patel discloses multilayer plane magnetic device wherein spiral conductive 
lines are aligned in layers 1, 3, 5, 7 [see figure 9] parallel to each other. At the time of the 
invention, it would have to add another conductive spiral as taught by Patel to Sia to increase 
the inductance as required by certain functions of the device. Therefore, it would have been 
obvious to combine Patel with Sia. 

1 3 . Claim 29 is rejected under 35 U.S.C. 103(a ) as being unpatentable over Sia in view of 
Patel et al. as applied in claim 28 and further in view of Chi et al. 

Sia and Gillespie disclose the claimed invention claimed as cited above except for the 
material of via and conductive lines being copper. Chi uses copper as conductive material [col 
9, lines 54-55] and copper damascene interconnects 27 [col 3, line 31]. At the time of the 
invention, it would have been obvious to a person of ordinary skill in the art to copper as 
conductive material as taught by Chi to Sia in view of Patel. The motivation would have been 
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to minimize the resistivity of the conductive material. Therefore, it would have been obvious to 
combine Chi with Sia in view of PateL 

14. Claim 30 is rejected under 35 U.S.C 35 U.S.C. 102(b) as being anticipated by Chen 
[6287931B1]. 

Chen discloses metal-layer conductive spiral line 28 in respective dielectric layers 29; 
conductor 27 in via trench 26 in the dielectric layer 25 of the stack that electrically connects the 
two conductive line with wire 24 [only one spiral shown in the drawings, but applicant 
discloses that two or more metal layers can be stacked to implement the spiral conductive layer 
28]; region of shallow trench isolation 22 that formed on the surface of the substrate under the 
conductive lines [figures 2A-D; col 3, lines 5-45]. 

A conductive layer is deposited, patterned and etched to be a wire 32 as shown in FIG. 2D. The wire 32 
can be made of A! or Al-Cu alloy by means of PVD either directly filled into the via hole 30 in contact witN 
the other end of the spiral conductive coil 28, or electrically connected to the other end of the spiral 
conductive coil 28 through a metal plug 31 of tung^en filled jn the via ho|e 30J 

While the invention has been described with reference to various illustrative embodiments, the description is 
not intended to be construed in a limiting sense. For example, two or more metal layers can be stacked to 
implement the spiral conductive layers 28 to further lower series resistance Rsand thus increase the quality 
factor of the fabricated inductor. It is therefore contemplated that the appended claims will cover any such 
modifications or embodiments as may faliwjthin the scope of the invention defined by the following claims 
and their equivalents 

As shown in FIG. 2A, a photoresist layer 21 with predetermined patterns is formed on a semiconductor 
substrate 20 by means of photolithography to expose the portion on which a trench 22 to be formed.; 
Usually, the semiconductor substrate 20 is a silicon substrate on which plural semiconductor devices, such 
as bipolar junction transistors and/or field-effect transistors, have been fabricated. For the purposes of 
simplicity, these have not been illustrated in the drawings. Then, the semiconductor substrate 20 is etched 
to shape the trench 22 by the patterned photoresist layer 22 as masking. Preferably, the etching procedure 
is performed by reactive ion etching (RIE) or high-density plasma etching (HDP) in the ambient of SF.sub.6> 
and p.sub.2. The trench 22 has a depth of about 2.about.l00 .mu.rn, and, preferably, 2.about.50 .mu.m. 



15. Claim 31 is rejected under 35 U.S.C. 103(a) as being unpatentable over Chen in view of 



Chi. 
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Chen discloses the claimed invention as cited above except for n-type/p-type wells at 
the surface of substrate that forms a plurality of reversed bias diodes that block eddy currents. 
Chi discloses the alternating regions of implanted n-well and p-well impurities in the substrate 
underneath the inductor or by reversing p-n junctions underneath the inductor to minimizing 
eddy currents [col 3, Ins 11-16]. At the time of the invention, it would have been obvious to a 
person of ordinary skill in the art to use n-well, p-well at the surface of semiconductor substrate 
as taught by Chi to Chen to reduce Eddy Current flowing in the substrate. Therefore, it would 
have been obvious to combine Chi with Chen. 

16. Claims 32 -33 are rejected under 35 U.S.C. 103(a) as being unpatentable over Chen in 
view of Chi as applied in claim 31 above and further in view of Sia. 

Chen in view of Chi discloses the claimed invention except for via line running parallel 
with the conductive lines. Sia discloses in figures 1-2 of prior art, a spiral stack inductor 22 
having two metal-layer conductive lines 24/26, 24'/ 26' ninning parallel to each other in 
respective dielectric layer 20, 18; via-trench conductive line 22v between the two metal-layer 
conductive lines and eclectically connects the conductive lines [figure 1-2, column 4, lines 4-36]. 
At the time of the invention, it would have been obvious to a person of ordinary skill in the art 
to use via trench line as taught by Sia to Chen in view of Chi to provide connection along the 
length of the conductive lines. Therefore, it would have been obvious to combine Sia with Chen 
in view of Chi. 
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Allowable Subject Matter 



17. Claim 12 is objected to as being dependent upon a rejected base claim, but would be 
allowable if rewritten in independent form including all of the limitations of the base claim and 
any intervening claims. 

Claim 12 recites inter aha, a metal plate between the two metal layer conductive lines and the 
surface of the semiconductor substrate to reduce electromagnetic field interactions betiveen tlie integrated 
circuit inductor and the semiconductor substrate. 

Any inquiry concerning this communication or earlier communications from the 
examiner should be directed to Anh T. Mai whose telephone number is 571-272-1995. The 
examiner can normally be reached on 5/4/9 Schedule. 

If attempts to reach the examiner by telephone are unsuccessful, the examiner's 
supervisor, Elvin Enad can be reached on 571-272-1990. The fax phone number for the 
organization where this application or proceeding is assigned is 571-273-8300. 

Information regarding the status of an application may be obtained from the Patent 
Application Information Retrieval (PAIR) system. Status information for published applications 
may be obtained from either Private PAIR or Public PAIR. Status information for unpublished 
applications is available through Private PAIR only. For more information about the PAIR 
system, see http://pair-direct.uspto.gov. Should you have questions on access to the Private 
PAIR system, contact the Electronic Business Center (EBC) at 866-217-9197 (toll-free). 
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